Clinicians generally suspect pulmonary tumor embolism (PTE) with uncontrolled carcinomas which often spread to lungs. We, however, experienced an autopsy case of diffuse microscopic PTE despite controlled liver metastases of transitional cell carcinoma (TCC). A 66-year-old man with progressing respiratory symptoms showed almost normal chest findings on computed tomography. Although liver metastases were successfully shrunk by chemotherapy, the patient died from aggressive respiratory failure. An autopsy revealed small pulmonary vessels showing diffuse tumor emboli. TCC can cause PTE even if liver metastases are controlled. We must therefore be aware that PTE can manifest as respiratory symptoms without any computed tomography findings.
Introduction
Pulmonary tumor embolism (PTE) is an uncommon form of lung metastases and causes dyspnea in cancer patients. The occlusion of the pulmonary microvasculature by tumor cells and associated thrombi can present with a subacute and progressive clinical picture that resembles thromboembolic disease (1) .
Clinicians can easily recognize the risk of PTE from primary carcinomas of stomach, liver, kidney, breast, and prostate (2, 3) , especially when they are not well controlled. However, the rare PTE from transitional cell carcinoma (TCC) is infrequently diagnosed due to the difficulty of diagnosis before the patient's death (4) . Furthermore, PTE develops even more rarely if liver metastases are well controlled. We herein report an autopsy case of diffuse microscopic PTE which developed from controlled liver metastases of TCC. The characteristic symptom was respiratory failure with almost normal chest computed tomography (CT) findings. cough and shortness of breath despite normal chest CT findings. His respiratory symptoms rapidly worsened, and he was admitted due to severe respiratory failure. His platelet count was not decreased, partial thromboplastin time and activated partial thromboplastin time were not prolonged, and the plasma D-dimer level was 27 μg/mL. Chest radiography showed only slight ground-glass opacities and trabecular shadows (Fig. 2) . Chest CT scans showed only slight thickening of the peribronchovascular interstitium and subpleural interlobular septum, and multiple tiny nodules in the right lower lobe (Fig. 3 ) with no pulmonary embolism. A pulmonary function test showed moderate impairment of the diffusion capacity with no obstructive or restrictive impairment. Echocardiography showed no evidence of heart failure or pulmonary hypertension. CT scans also showed no apparent progression of the liver metastases (Fig. 1c) and lymphadenopathy. Ventilation-perfusion scanning and pulmonary artery cytology were impossible to perform due to severe hypoxia. The patient received steroid pulse therapy, however, respiratory failure progressed rapidly without any response, and he died after ten days from this admission.
An autopsy revealed bladder cancer with diffuse liver metastases ( Fig. 4) and mild lymphangitic carcinomatosis with multiple lymph node metastases in the chest and abdomen. According to these specimens, the patient was diagnosed with TCC with grade of differentiation G3. Lymphangitic carcinomatosis existed in the peribronchovascular interstitium and subpleural interlobular septum with pulmonary intestinal edema. Small pulmonary vessels showed diffuse tumor emboli (Fig. 5) without dilation of the capillary. This case differed from pulmonary tumor thrombotic microangiopathy, a specific type of PTE, due to the absence of fibrocellular or fibromuscular intimal proliferation and thrombi in the vessels. Extensive infiltrations of the blood vessels were also observed in other organs.
Discussion
According to the findings associated with this case, we arrived at two important clinical suggestions. First, TCC can cause PTE even if liver metastases are well controlled. This was a rare case of diffuse microscopic PTE from TCC without pulmonary hypertension. Autopsy series estimate that the incidence of PTE is between 3% and 26% among patients with solid tumors (2, 5), however, the histological type is mostly adenocarcinoma including breast, lung, and gastric cancer (1) . TCC was reported in only 2 of 109 cases (2%) of PTE (1) . PTE causes serious pulmonary disease in less than 1% of all patients with cancer (3). In many cases, patients may develop liver failure before symptomatic PTE, especially with primary lesion anatomically distant from the chest or liver, such as bladder cancer. To the best of our knowledge, symptomatic microscopic PTE from TCC has been reported in 11 cases, and only 5 cases presented without pulmonary hypertension (Table) (6) (7) (8) (9) (10) (11) (12) (13) (14) . However, we should pay attention to new lung metastases in patients receiving long-term chemotherapy for liver metastases. Metastatic cancer to the liver with hepatic venous invasion is considered to be the most common cause of PTE, and PTE from TCC with liver metastases was reported in 4 of 11 cases (Table) . In the present case, the diffuse liver metastases may have invaded and caused PTE through the inferior vena cava. The explanation for how PTE caused respiratory symptoms despite the patient suffering from TCC was likely effective local chemotherapy by hepatic artery injection for liver metastases. The relatively long control of liver metastases might lead to a metastatic variant resistant to chemotherapy that is able to infiltrate the blood vessels. Although the growth of diffuse liver metastases rapidly increased in the late stage of the patient's disease, it was well controlled by local chemotherapy at the time he developed the severe respiratory symptoms of PTE.
The second clinical suggestion that the case supports is that respiratory symptoms in metastatic cancer patients with almost normal chest CT findings can be diffuse microscopic PTE. In cancer patients with respiratory symptoms, clinicians must certainly first consider common diagnoses such as infection, thromboembolism, side effects of toxic chemotherapeutic regimens, and other pulmonary manifestations of the primary neoplasm. Of the many causes of respiratory symptoms in cancer patients, PTE is one of the most difficult to diagnose, particularly before death. In the first published autopsy series, Kane et al. noted that only 1 of 8 patients had a parenchymal abnormality on plain radiography (2). Some investigators, in an attempt to distinguish carcinomatosis and tumor emboli, suggested that lymphatic disease is more likely to have an interstitial infiltrate on chest radiography or CT (15) . Slight thickening of the peribronchovascular interstitium and subpleural interlobular septum was observed in this case, however, nearly all patients with PTE have associated lymphangitic carcinomatosis of varying degrees (16) . Hypoxemia with a normal chest radiograph is the typical finding in a patient with tumor or thrombus emboli, whereas in the case of infection, interstitial fibrosis or lymphatic spread, the plain film may be sufficient for the diagnosis (1). Echocardiography may show pulmonary hypertension, which was reported in only 15% to 20% of patients with PTE (17) and 6 of 11 cases of PTE from TCC (Table) . Thus, the severity of symptoms may not correlate with the degree of vascular obstruction (2) . Ventilation-perfusion scanning and right heart catheterization including pulmonary artery cytology have a good diagnostic utility to distinguish microscopic pulmonary thromboembolism (1, 18) . However, the availability of these diagnostic procedures is limited. Only 2 of 11 patients received appropriate therapy such as chemotherapy without unnecessary anticoagulation that led to a recovery (Table) . Our patient's lymphangitic carcinomatosis was too mild to explain respiratory failure, and he had liver metastases and no obvious pulmonary thromboembolism. These findings suggest that he had diffuse micro- scopic PTE.
In conclusion, TCC can cause PTE even if liver metastases are well controlled, and respiratory symptoms in metastatic cancer patients with almost normal chest CT findings can be diffuse microscopic PTE. We must be aware that PTE can manifest as respiratory symptoms in cancer patients without any CT findings or pulmonary hypertension, particularly with liver metastases even from TCC. Diffuse microscopic PTE is often misdiagnosed and thus there may be many more "hidden" cases. Ventilation-perfusion scanning and right heart catheterization should be more readily used in such cases, where these tests may contribute to the diagnosis of "hidden" PTE, so the patients can receive more appropriate therapy, such as systemic chemotherapy without any unnecessary anticoagulation therapy.
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